Results
The volume of bone within the tibial defect site determined using Micro CT was reported as a percentage of the total volume of the defect site. Linear regression analysis of mean percent bone volume as the dependent variable and canal area as the independent variable for the empty treatment group provided a Pearson correlation coefficient of 0.925 (p=0.025) (Fig.1A) . The Pearson correlation coefficient for the autograft group was 0.244 (p=0.641).
The volume of blood vessels within the tibial defect site determined using Micro CT was reported as a percentage of the total volume of the defect site. Linear regression analysis of mean percent vessel volume as the dependent variable and canal area as the independent variable for the empty treatment group provided a Pearson correlation coefficient of 0.784 (p=0.117) (Fig. 1B) . The Pearson correlation coefficient for the autograft group was -0.146 (p=0.783). 
Figure 1. Percent bone volume (A) and percent vessel volume (B) within the defect site measured using Micro CT as a linear function of canal area for the empty group.
Bone formation at osteotomy sites was defined as the distance from the original osteotomy site to the tip of newly formed bone measured from brightfield images. Linear regression analysis of bone formation at the osteotomy sites as the dependent variable and canal area as the independent variable for the empty treatment group provided a Pearson correlation coefficient of 0.132 (p=0.832). The Pearson correlation coefficient for the autograft group was -0.937 (p=0.006).
Bone formation rates were reported as the distance between the fluorescent bone labels for each of the 3 time periods: 6 to 9 weeks, 9 to 11 weeks, and 11 to 14 weeks. These measurements were recorded at 4 anatomic sites around the tibial defect (Fig. 2) : the endosteum, the cortex, the periosteum and the osteotomy site. Bone formation rate was less within the endosteum, cortex and periosteum with extensive reaming in empty samples. Bone formation rate was less in the cortex with limited reaming in autograft samples. 
Figure 2. Fluorescent bone labeled image from the distal osteotomy site of an autograft sample. Calcein (6 weeks) is green, xylenol orange (9 weeks) is purple, and tetracycline (11 and 14 weeks) is red. Acancellous autograft, O -distal osteotomy site, E -endosteum, Ccortex, and P -periosteum.

Discussion
Bone formation within the defect site in samples from the empty group was the result of bone formation at both the proximal and distal osteotomy sites. Bone grew from the osteotomy sites and into the defect. The percent bone volumes in the defect site measured by Micro CT and the bone formation at the osteotomy sites measured by histology are both measuring this growth of bone into the defect. The quantity of this bone growth increased with increasing canal cross-sectional area (i.e., limited reaming improves bone formation in empty samples). Limited reamed empty samples also exhibited greater bone formation rates within their endosteum, cortex and periosteum.
Contrary to findings in the empty samples, bone formation at the osteotomy sites and within the cortex increased with decreasing canal cross-sectional area (i.e., extensive reaming improves bone formation in autograft samples).
Vasculature, endosteal bone formation, and periosteal bone formation did not exhibit this relationship.
Our results suggest that the acute management of tibia fractures with bone defects should involve limited intramedullary reaming. Limited reaming may be defined by the cross-sectional area of the tibia in comparison to the cross-sectional area of the reamer. This relationship does not apply when the defect is bone grafted. More extensive reaming may be advantageous in this scenario.
